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(54) CDMA MULTI-USER RECEIVER SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain demodulated signals of 
pluralities of users without increasing a scale of the receiver 
system by combining a signal processing section that 
estimates an interference signal for each of signals received 
by pluralities of antennas with a signal processing section that 
eliminates the interference signal and demodulates pluralities 
of the user signals. 

SOLUTION: Antenna weight coefficients W1, W2 are 
respectively supplied from antenna weight decision means. In a 
detector 86 t a transmission channel estimate means 86a 
applies carrier phase synchronization detection to an output 
from an adder 84 and gives its output signal to a multiplier 86c 
via a complex conjugate means 86b. The multiplier 86c applies 
amplitude weighing to an output of the complex conjugate 
means 86b and an output of the adder 84 for the provision of 

rake synthesis at a succeeding adder 88. The adder 88 applies weighting to an output of each 
multiplier 86c of three paths for the rake synthesis. A decision device 90 decides a most 
probable transmission symbol from an output of the adder 88. 
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-if {CK LT g BJW^©^-if ©^ff -S§-Srl&5fe Lfcff 
S MS l ©T«Wt*»*#« t . 

^si i ©^#«*i*s#»©ffla&grt-c**©*— if 

0«tt««t51WI¥aJ:S:*t5CDMA^f-a 
-ifSfS^fio 20 

±mmm<DT ^T-rx^m vtcm^- 1 mwc<»±.mm 2 © 
¥#m&*&0>itii3kfr>hs ;**©=— iftrBab-rsa 

^©3— if Lfcflr*ft±Ett*07 
^•Mc»it:**T3— ifS^m*-t-5^2©T^ft# 

BS**&fc, 30 
^Mf-J:^, -hEJS 2 ©^FgMiJg^SXtf-hE* 2 ©^F 

*M» £ -f 5 2 tcE^S© C DMAv^f^. — if5tf!l 

±iaa*©r yftt-s« L7dt ^i-©** ^t£^^ 

BE*l#a©lfl*Sra»trS6fi-»al?A'SrJ|HI)ei-5*2 
#Sfc, 40 

^•T5^3^St Sr*-r<5Sf**2trffi<S©CDMA-7' 
/W-=—ifgfg2£g 0 
[111*315] ±EJg2©^F#*i£#£itt, 

±ESg l ©T?£ffi *sss*#»*»6>m*-fs±Ea»©r 

v-T^KSt^ L7c^-ifS©^Bfc56eg©ra-S§-©k-* I- 50 
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2 

u eaias««fs^sr^j« u-cararf sat 1 

£^©Hi!t*&fi^tttt o T ±E^«Sc©T ^-t^-C 
gff L fc{§-§-© * * lc Hi" 5 Tg* u -? V * mfcttt* m 
trf 5 US 3 t ^^UTTS 3 KE«© C DMA7 

^^.-ifgft^e. 

[If 6 ] liEll OfWlf^¥ttt, 
iTMM^^m^^ (6 6 a , 66b) i:, 

lOMfS (70a — l~70c-2) 

i (DM&^mvmt) t tc#J •? ^ r 

btifc-LESfl l ©Ti^f^J£©ai;t>£7:^^icttJ& 

2 ©*D3I3MS: i: Sr*-T 2 EHK©C DMA-r;wf 
ifSft^Bo 

[lf*^7] iE^l^t7^2©^Ji^#S©^tt 

©CD MA if g{f 

[it*^8] ±E«W#»tt, 

t5^5fgt SrW-T Sit 2 7bm 7 ©fsrttA-l-Eife 
OCDMA-7;vf3.-t'S(fgi. 

©** Lxmm&fr 5 it 8 ke®© cdma? 

±E«»©r VTtf§« L7df -§-©^c* ^§1 LTf^ 
y A SrJi* L7c«»©^ l ©{!■§- Srttl^-rs 2: * 

iffetcWL, 

±E»ft07>f+TS« UfcIS ^-fc -hE^ 1 

**©a-if^ggUT^3.-ifro^Fi^fg-§-S:KJ* 
L.ft*fSr±E*ft07yftlii»iS:S*ta- ifftic 
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nm i <D=F&iB*iikttst<omij t ±iejs 2 <d{es-&$ 

t-f-5lf*«l 0|;E«CCDMAv;Uta- IPS AS 

So 

[»** 1. 2 ] JUEJB 1 OT»Jt!lfSB, 
1EH«!07 yrt-cSfl Lfcft-S-©** (c^Ktfe^ii 

fgt... . • 

# Lfc±E^ 1 <Dm%-zmt>-tzm3 m&t 

-f--51f *^ 9 ICEI© C DMA^Vfa- fg{f 3£g„ 

jhET^ft e> m^j-r 5 ±E=ssfc©r >^-r 

Kttfo Vtz=>-— lP«©^#l&*&©«-§-©;fc* |c2?t£«5: 

U ±EJg 2 ©ft ^SrAoJ? Lfc«mea98itJ£«-8-«rfE 

1 *S©ffl*SrS»fraS«"»^uS:*IS-*-5JI5 2 

tsis 2 ^©fcfcS;*) t ±Ee£?S*f £«-§-t-»o*i^-C^F# 
;*©#£€£*? oT g E«*©iiJ£flr-§-C*>5-hE 

jR 2 ©ft -f-Srtts^-r 5 1 2 ©<t 4%r ^r-*- 
y * *mfc l*:±e* 1 ©ft 5 13fg 

fc 1 UClEtfflCDMA^fa- Ifg; 

1 4 ] _hES? 1 ©T*flr*K8**Stt» 



(3) ^^4fiS¥ 1 1 - 2 0 5 2 8 6 

4 

tsa^a© a * *» -tE^ 1 ©t^jis ^a© & 

£*r1-3!»#Jgi 0 75^1 2«ro(erttd^j:E«c<DCDM 

1 5 ] JbESS 1 Rxm 2 0=F'SWf6^#a©** 

©7yfttS* Lfc«^§-©;fc-* in** LTTgiUT"!) * 
10 SrJt3eLfc(t»Sra*-*-SBI*Jfi 10^114 ©{flina* 
{-ESc© C DMA^/Vfa- iPgff S«o 
6 ] _LE«fl^att, 

tS»4#a©tt3^^Sftt^im~»^vSr*iJSL-rffl^ 
!EttOCDMA^^=- tPgfg^g„ 

20 [R*4I 1 7 ] iEfSfSli, -**?-'<*m%-&Mm 

A -r/p^-a— iPSff II. 

8] ••±E»l«? ; F*flr*»*#«Jc«ttL* -. 

30 

±eis«c©t ^x^-csft Lfc«* k ±.&m%c<om 2 © 

=FWtt*ftOWAi:a»f», tPfcBBLTiS 

$ *r =-—rs OB -r 5 ig 2 ©Ttwa * 

0lCiSeroCDMA-7;Vf=L-f§J|S 

So 

40 [flt*4l 1 9 ] -hEfg 2 ©T*«l?E*&tt, 

#a<t> 

1/7" y * ©Ji^*^oT±E*t^m^-Srttl^-f-.5 t 
50 ic y |*«l«B»t«-*»fo±Eeai»*Jfe«***CrT 
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[00 0 1] 

*gfttt*J» t T&m&f&m t ZM^ttti c DMA (c 

ode Division Multiple Access: ^^^iRl^J&^Tcft 

^^tc®n/c4ttt^*-r^>o ft. ^mmrnxm^-r 
cosiffi^ miss £ nz> ^mmm ^itm z tt^ 0 

[000 2] 

[^&<£>&ft*] CDMAteiOA#S:i;£*#<T-£3^ 

[0 0 0 3] /l£qco<J:5f-, T WT^r^teitftttSJ 
[0 0 0 4] — -^/v^^l— ifgm^B^^^— Ifo 

-?%:{smm&mz&*ixhz> 0 ^^^-^mmm 

<D$£$£fflb LTEJu M. K. Varanasi and B. Aazhang {C<fc 
<5 "Multistage Detection in Asy nchronous Code-Div 
ision Multiple-Access Communications'" (IEEE Transa 
ctions on Communications, Vol.38, No. 4, April 199 

o, pp. 509-519) m&xmi) Kfzmzntcmm^ 
^<Dmw&j&mL.tc, mom, =* % iniaa 

ft^ x mmmm^*TM>m : %£:&mn&, rcs 9 5 

-5 0 x 1 9 9 5^7^) m&X1sk2) KffljjkZthtl 
SB#£>5o 

[0 0 0 5] JifSC0fie*^li-fS«c$n/c^@X'fi, 

mw<n®&x. ^—^(om^-^—Kmm l, if 

*tU ff«, *a^-— !fO«WIS:tf*5r.4:lcJ:9 % flS 

2 » g ^tweftiti 1 WLtommsk ± 5 t>« fnW* 
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[ooo6]#^-fo»tft«iu Tg^^y** 

Sfcft:£efc#LTV^o 

[0007] ^ju^^-^%mmm(Dfa<Di£&mb l 

/cl&fiMI£SCDMA^f^T-yfi$^rty 
10 fff«^ RCS 9 5- 1 7 1, 1 9 9 7^21) 

[0 0 0 8] ±EOffi*XiR3^E*$n*:«lltt,- ^ 

[0 0 0 9] ±IBO«*3t»3iC|E«l^|B«SJx«:»* 
20 StffficSoX CDMA^^^-ifgfH^BSria 121: 

f»*t^t7l0-l-10-3&*U ft*30 2^ 
t 7 1 0 - 1 »tf 1 0 - 2 T?tt, If 

[0010] El 1 2 tc^r<£ 5 i-s SJS^^^r-Y 

710-1H 1 2 , #3.— !f fcStlC L/c 3 m<0 

^Fg^Ji^pD ( I EU : Interference Estimation Unit) 
30 1 4 a ~ 1 4 c . 1 6 % X tfiSDWS 1 8 a — 1 8 

2<DWfi£tt^cD^Fi^*^^7 10-1 i:l^«|-e& 

U (I EU) 14a' —14c' , 6' , RTf 

J03*« 18a' -18c' J&SRtf fejh/CV^So 

[ooii] ftte&o^^^ir^ 10-3 

«j»&w»2aicK»tfenfc : FSt5«i3e» (ieu) 

fcttWftaTSWtJfett (IEU) 20a-20ciS#a 
40 [0 0 12] »T^*t^7 10-1 ICtegfgfg 

mm^R^m^n^tE^'t, i eu 2 o a — 2 

[0 0 13] ilgWl2gW^t^t7 10- 

i,Rt>*i 0-2oib^^^^(i]il7iot s , HiSoffijfE 

/rft^u^fefstt^m^SriDgcssi 6ica*-*-a 0 mm 

8128, 1 2 icA* L/c if I EU 1 4 a 

50 -14 c*/r^A^ff-§-O^SrJt3tLTttS^i-5*T 
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2' KttS^-rS. 1D»«1 6tt313g«l 2 0ta**»6> I 
EU14a~14 c©U*Sr»Cr*3— lf|c*t«Lfc 
ADlMIl 8 a~l 8 cizmfi-tZo rttb©AD»5il8 
a~18ctt, 2c*\ jtojfcggl 6©ffl;*Jii:, ttfc-fZ>=L 
— If© I EU1 4 a~l 4 c©ffi^2rAD^CLT^2^{C 

[0 0 14] ftSl&rtDI EU1 4 a~l 4 cMl2g 
© I EU 1 4 a * ~ 1 4 c ' » IU— ©«fi£T'fe 

B tflEfcKI—C*><&. b/c^oTs Ell33r# 

ILt^ltS© I EU 1 4 - 1 a Sr^JtciroTKi^Sr 

[0015] El 1 3 l^-T I EU 1 4 a fi, ^ff^B— 
©Pjjfcfi*©^;* (®&e«R!S) 5r3 t{5^L-tffifiic$ 
tLTV^,, BIE-Ctt, Hl~fg3^;*ffl©[E]jig§r5»c* P 
1~P3T*LW5„ =&/-?^.ffl©lH]KttlD— ^©-C, 

jg 1 ©essp i sr^'W-L.-riftig-rso e^©i 
Euta, *#<#tf-c, mmwt^&2 2 tMS2 4 t 

«»6>*5l(lftSli, *Dj«2 5fc¥UJ&»2 64rA»fcj* 
5fgS 2t, *3IS&2 7 itttfS2 8 b*mm2 9 

£s&»6>j*5««:s 3 i 3 *vci^5. ±IE©^« 

S§ 2 4 t&fcm&mfc^mi 2 4a, tt»£rtt:¥& 2 4 b . 
ST>'^S2 4 c SriixTV^o 

[0016] sfgft^-.cA^m-g-) tt»»u3fi«>/< 

*)B©Ie]S8P 1~P 3i^iD^f>H5o i£i£lfc3M§:2 2 
tt s JRl^«craJtBLfc^-f *U- if (ei 

1 3 © I EU 1 4 a \±m 1 a— tffflffcS) (Ditmn^r 

[0017] ^se^2 4«, iStt«#a2 2©aa»ic» 

U 6n£B«£#&2 4 a T-ei£?S#te £#65e U 
Lfcei£ft4*tt«:tt*#«:#«2 4 b £^LTJ!l3l2i2 

*33C«2 4 c 2 4 bOUJAS:fflVT3S»lt 

2 2 ©ffl^l::** L-T W * £7* <***fc£j«) 
©fc^^sS^ttttSr^ft 5» 
[0 0 18] &j&gg2 4 t LT, ±&<Dft%Xik2\cJE, 

[0 0 1 9] SD^If 2 5«\ SiSW-'N'^.fflWlHl^P 1~ 
P 3^A©*^3§2 4 c©ffl^T&£*^vttt£:}X;t& 

£?2 6HJIDIHS2 5©ffi*/4>f 5 *'b5t^bLV^f-»- 

[0 o 2 0] fiJ5ES2 6©fcH;ti«\ WS5>dSLT^©S 
3 £rfl?/5£-t-5 3{@©^*^ffl©lHlKP 1 ~P 3 l-;bD;tP>ix 
So »JMS2 7HU *U^«2 6©tU^fC x &&3§2 4© 

eans*t3t#a2 4 a ©m^r-fes rji^nte^K 

*H4j ^m^i-5o ffif¥g2 8ll iStg2 7C5f 1 
©X^ld^L/c^-Y 5>^*T% IK 1 irottfkw* 
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[002 1] ADHS2 9 te„ #^^-ffl©[HlKP 1 ~P 3 
©i2;if[^&2 8©ttJ^ffc5#^^©^^y*Sr-&^;L 

[0 0 2 2] Hi 2<D : ¥-&* J r>'± ! 7 1 0 - 3 £rH?/5£-r 
5 I EU2 0 a ~2 0 c ft^c* IH-WMTfeS. Ufc 
*SoT, »la-f|!:»)Ct5 I EU2 0 a *«fcio 

[0023] 114IJIEU30 a ©:/n y^Htfc 
10 5„ El 1 4 (^"f-J; 5 i-, IEU20att@131C*L 
fclftlSS l&tf^gS 2 il^— ffij£ft©T\ Ell 3©:/ 

o y^ai-jfc-r-siai 4©t'ci s^^ei i 

[0 0 2 4] — 7W7>ft5:CDMAi'y^ 

^— if to£/B U-CTIJsBsatSrlT* 5 H t tt, « 

X.Kf, R. Kohno, H. Imai, M. Hatori and S. Pasupathy £> 
ic J; <5 "Combination of an Adaptive Array Antenna an 
d a Canceller of Interference for Direct-Squence S 
pread-Spectrum Multiple-Access System* (IEEE JOURN 
20 AL ON SELECTED AREAS IN COMMUNICATIONS, Vol. 8, No. 
4, May 1990, pp. 675-682) (t£?t?:ScSfc4) XzM^^fvX 

[0 0 2 5] r©tS?l55:filt4{c|B*fc$ixfc3§Bfc±n 
*M{t*©?U**r6]{'TV-f T^x-^©mr6H4Srl6] 

m^-ja»sr«u-c ; F*»*Srtf*ofca, *aa- tf© 

30 flH§-«r«m,TV5. LifeiS-oX, r©^Btt^— If 

©^©^f o ~>i/?/i'=L—y : g:mmw.x'&> 

5. 

[0026] rwryfttW^iSriS^bfcl 
iB©«e*W-£-^v^cgff^S©— 1 5 KSrf „ 
Ell 5 (c^-rg{f ^Btt, ®.WRZ*W^$:ffimz.-tZ>tc 
«>, 7W T^x^-^«^;-t--5Smr>'7 i -f©|gcSr2 i: 

If l-BI-r 5 ~> V ?jV=>l— tf C DM Agff 3SSXfc 

40 S„ 

[0 0 2 7] 2j@©T^^f-3 0 a Jtt>*3 0 b KttftW. 
•TZ 0 aStf 3 0 bT'S»tfc{f 7y7f|[ 

tPHS©«m^»S§3 2aW32 btcjj^rrv^-^ 
i*«w i stfw 2 j: y> tL&tftt btitz.mz.Mm 

3 4-C*D^t$tt5o »JH&3 4©m*tt»Bl,-CVV5 
(Sff L±p t L-CV^5) 13^-- tftl^©=--1f (EP 
^lSO t l2^-f) fc*»SLfci8tfctt#»3 6 a£ 
T>'3 6 b tmm$s3 8 ifcA^l^n-So iS»S£»^S3'6 
50 aM3 6 b©m^tt*'* J f £ IJ^4 0 aSl>*4 0 b I^A 
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[0 0 2 8] Mn&3 4©^©^, % 

«©A0JHS4 4^A*-r««*3 4 a £jg3£ £it57c«> 
©t©t«>5, BP*>, iPS^3 4 0[liA©Hv igffiii: 

^S#^3 6 aW3 6 b fcA^HSff -§-3 4 b 

m&m^tk4 2 aW4 2 b *»e>ta*-r5*TrowfiB« 

±|S©jD^tSS3 4<Dtb*3 4 a t:S5i$*5fcif>f=. 10 

[0 0 2 9] jJD^4 4li, il38i«3 8©a**»fe*t» 
ft4 2aM4 2b©tijA (IPfcTtPfllS-riWH 

[0 0 3 0] 3S»J2:m#l£4 6©tt«JttWe#5 OiZXt) 
$tt, r ©¥«)&& 5 0 IC £ t> 21 3 3.— If a» b ©<|^iS« 

*#»4 6&Xflflf£#5 0Uf3a- jfffiT-fcSo — 

JPIJE«5 OOffl^JttJBSs".— !fffl©ffi«#S5 2iC 
t>A*$n, r©t£1&#©5 2fclJ;oTS&3 3.— 1f©t£ 20 

[0 0 3 1] S5&8&4 812, jllllMM 4K)ffi^J<0rts ig 
jta?S4 6^ffl^t5f|f4 4 a ¥(|jfeg5 0 {C*3 
Vvr^V3?^J^$nfc«lCitt5[^5 2 IC±o.-C&3 
-»~^0^^iWA-9^^'&tl.«*-C. A03I2I4 4 CD 
ffi^4 4 b $raM$**D3SSi5 4tcttS^-t-i„ 

[0 0 3 2] 4tt, 5SS3S4 8©ttS;W»e>l£» 

fg5 2<DttJ^)?r«CT^^f-§-5 6^m^-T^ 0 

jfcjESB <aufcjE*r#il) ssic^ftSftS. r^ftl 30 

*«**^gB 5 8 tZT^T-T 3 0a .RTJ* 30b "CSff $ 

[0033] il5©SH8itt>'±^LfeJ:5l-« f 

[0 0 3 4] 

v>fcW OT;tfi»-Eli 2~I31 4 {c^L./c-v/v-^-^-— if 
[0 0 3 5] JElw, B115I^Uc«©7W7yf 

<fc5fc^ 5 HHa*a>5. 50 
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[0 0 3 6] *£ot\ *3§|f!©ll$te. •vyW^-n-— (fT 

wr^Tti ^^3.— if g<t mm. t <D&&.&t>it\z 

[0037] hi-, *^pj©@W(4> rwr^x^-t 
©^♦s/«efflM t ffitLfc^F^*#ttSrHm-e# -5 c dm 

[0 0 3 8] 

*«57^ti>b457Wry?ti, HSfe©^— if 
©**i!iB8Lr±IB*»«>r^-7"T?S«L*:«*felc 
TiWt-frwJfteSrm^SWBS-Srlfc* LTlgigc©^-— if 

[0 0 3 9] Ml-. *%BJI^5CDMA^;V^3.- if 

g«3SBtt> IS®ry?ti>W57H'7yft 
is ««Sc©3--iffefcf3:ttf>*u ±fElS^:or>-7 i -^-c 

g« Lfcm-§-©:fe* {cm Lt^i-T' y * vtcm 
T*it**soaiAtd»fe, *;*©=.— ificHL-rea 

jy^(D3-- if ©^{f ^-$rl&* Lfc«*«rJblB«.*©T 

a»©=— if©fs ^mm-r^mm^t &m-t-z> c 

[0 0 4 0] lEtC^s *%il-§5CDMAv;l/f3.- 
-!fS«»«tt, i»07>ft«>b457K7yft 

i:, ±Et*o7yftra*Lt«t«)**i:Hfc 

2 <om^m^-ti>m 1 ©^itft^srafft©^ 

E*io«*i«»6, ^©^--if(-^L-C^— if© 

^ 1 ©^m-§-l^*#S©fctJ* i: ±1E3& 2 ©ft ^-Srgt7 
-C«IS©3--if©{t-§-Sr«S8-rs«38^l6t SrW-TS. 

[0 04 1] 

SrBll~l2l4§:#fi?.L-CSi^-r5o ilT\ S{fffl©T 
W7yft?:Mt57y7t©t$:2, -r/U^-X^. 

3-— if ^cSr 3 t C DMA^a- if gff ^Bf-o 
v^xlftBJ-r^o iftis 7W7yrt5:SsS;t57>'ft 
-r/p^j^, T^-V^-fe^, a.— if^*©±IH© 

[0042] bii;*7±5Ik f^\<onm<ommz.% 
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£§mSWl> Il-I3^*t^t760-1- 

fit* s^^m^^^^^^^^^^ MSftttt 

ttlD— T*&3o 7W7yfttt26©7yft6 2a 
Xt*6 2 b a*g>&S. 

[0 0 4 3] JHSOT»*tyt?60-ltt, mi 
~!B3^-1ft-#/£L/c3ffi<D I EU (Taf***) 6 
4a-64ct, TV7 : •^^^LV^2^acDJl5£^6 6 
a XI* 6 6 b tCT ^"^Wc** LV^ 2 fiOiDff 

^68aStf68bh 6<B (= "3.— 1FW X "T^ 10 
ftr ) «^7 0a-lW70a-2, 7 0b 
- 1 Xt* 70b-2 % 7 0 c - 1 Xt* 7 0 c - 2 Sr*^ 
«ffi#6 6 aW6 6 b. *0»*6 8 a XI* 6 
8 b , XI«ni JM» 70a-l-70c-2ll =?#m*jr 

[0 044] ±jfibfcJ:3te, *2a©T*^yt5 

6o-2»* i at w— o**4©-c, IB i bk#«-#- 
(is#) w^^^LT^^o fiPt>* mzfk<»=P& 

3r ^ >ir 9 6 0 - 2 $1 — ^ 3 If KfcMC Lfc 3 20 
fliO I EU (TtMftJtSt) 64a' -64c' £: , 7> 
^<D«fc*LV^2ffl03i5£g6 6 a ' Xt*6 6 b * 

l^«^TV^O«C^LV^2<@0*P^6 8 a ' 
Xt*6 8 b ' i v , 6ffl (= tf*" * "7yft 

«T ) o*0||t»7 0 a -1W7 G a ' — 2. 7 0 
b' -lM70b' -2, 7 0c' -lS»70c' 

[0 0 4 5] I EUfii**E|— 1ft&&<DT% IB 

1 If {C^fjSi"^> I EU 6 4a UTttWt ' 

£o 30 

[0046] IEU64a« > ^^Jt^fS"^ (aUfSv-^ 

S70a -1X1*7 0 a-b(:mW5 e ®*£g§6 6 a 
»V 6 6 b O** tt, *><f 1^ A* Lfcflf IEU6 
4 a ^AAbfc{S-S-dStt»Aa3aS*tTjD»»6 8 a XI* 

6 8 bicuj»**b**w*im««-aBi***. ssts 

6 6 a©m»B, AD^S6 8ah f2g^t51 
^66a' fcHti*$Jh,5o H1«H^ ®SES6 6b<Dffi 

b' icmziztiZ'o 

[0 0 4 7] mla^C^oV^T > iFtCO^Tfk 

— Hf (ip^ x tf^#v^ttJB2&r*JB3 3. 

-If, JB2 3-— yidftV^Ttt»l&tf!B3»-1f, 13 
!f|CftV>Ttt*l&V*2 3.— If) fcH-t-ST** 

o^tt^rn) i»*-c#ftv^co-c, ia*i^tt2aEA 

[0 0 4 8] 12 1 T yrtl^^l! 77a XI* 50 
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7 7 btt«3*i-5 0 

[0 0 4 9] m HCS^i-J: *D»S56 8 a fit. 35i 

^6 6a(Ottl* WhT^T^e 2 a "tfSft LfcflT*) 
**©a-f CilO Stfeftfc I EU6 4 a - 6 

4co^^h rrvy^6 2aic»a:i-6Ta(*nR 

»7 0 a — lfiMnUI»6 8 a©|l|*J^ IEU64a(0 

[llAoH. T^-7^6 2 a m»js:i-5t£fk«»fcan*. 

T&gO I EU 6 4 a ' fcffi*i"So HMSH^ JfflM6 
8bte, 55JSS6 6 bOffi* (IP^7yrt62bT*g 

U64a-64c (DttS^lO 5 t> r T 6 2 b ^*f/S 

■rSTtMHRfi-B-J «r«C"CilOjH»7 0 a— 2KU*+ 
3 0 :^D|S7 0a-2WD|LS6 8b(Offi^ I 
EU 6 4a Ot±1^0^07yft6 2 b 
fMt»fctlO;*.T&a0> I EU6 4 a ' Kffi^rTSo 
[0 0 5 0] BPt,, !g2a<7> I EU 6 4 a * fctt, gl 

[0 0 5 1] B 1 fcSt* 1 8 B t Xt 5 6 0 

- 1 M^TIS, TlsT1-g:iEiB&& I EU6 4 a ~6 
4 c, SS£8Sf 6 6a Xt* 66b. TV^Sftl;:* LVVT 
^7^1«*8fcj£BB 7 7 a ~ 7 7 c (ClftA* $tt* 0 ^ 
3SIOSl-*33.- iffflO I EU7 4 a — 7 4 c <7> 

LTfflAtS. 
[0 0 5 2] 0 1XIW2 2 ^itTTgi^t^ty 6 
0-lOIEU64a 3rf£ L < tftPJ-T So El 2 I 

EU64ait gm^a^^PjjKft^-^-^^^^^ (« 

&<omfo&m£) fc3fc«jeLT*/*S*U Hffi-?tt3 
fiO-^^^<^e5ilKffl^lHlKSr*^ P l-P3"C/Tt 

SgP 1 LTtttW-r*, EU6 4 ail, 

*#<»rtx, wasi, *as2, (tassi^M 

[0 0 5 3] E^tC^-rj; 51^ I EU6 4 a<£>fifjas 

itt, r^^-^co^ (2) ^»«-r*2«oisittk#a 

8 0aXt*8 0b, *j|g8 2aM8 2b, *D^^8 
4, »U«81l8 6Sr*t5o r^atasifit, 3fli(^ 

^f/<^ejiKioiiiKP l— p 3te#a«mjr»8 

8 2lTjeW36«9 0 W8S2) Sr^Lr«as 3te»« 
[0 0 5 4] mas 3©JBi'<;*JHOEKP itt % ^gt 

S92, ryftftic* LV^»g9 4 a »tf 9 4 b , 
Sifg9 6 a XI* 9 6 b. *D^9 8 a XI* 9 8 b N 
t^Sl 0 0 aXt*l 0 0 hfrbi&Z>o 1)m%s* 8 aX 
t*9 8 bft^ffiS 3<DZm<Os<*m<D\B\'&Y> 1— P 
3Sr«|^-r5a:^^a (9 6aXl*9 6b^) cofcfcj^Sr 
AQ^-r^o Ht-> JD»«9 8 aXr*9 8 bOtb^tt. ^ 




(8) 
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»3*g|l 0 0 a&I>*l 0 0 b t^*5V>-Cl WTOl* 
m&a&fkCbtlXl EU6 4 aCOliitim^-t LT&IS: 

[0 0 5 5] l2l2COfl(rSS l®ttfiS8 6a t &&&& 
SfS8 6 a , tt*&tt#&8 6 b , AtFJKJMM 6 c 
ri>fc#?J&£*l/rV^o Jfiit»#a8 0 aM8 0 b tt, 

sg i s<xizmm i>it*<4 s f-if'vtfz i a—if ©ittH?F-8- 

8 2bt!liW5„ 1»8 2 a,&t>'8 2 b fiig&fic £ 
ttfc A2HI #tcr ^7"f*<^«$cW 1 RXFW 2 lit 10 

[0 0 5 6] 7VftI*#SwaWV2ft, 

[0 0 5 7] 8 6 fitfE*09 k Al||C# 8 4 

©ffi;blc#LT'Bi£2&4f3fe: 2 ?ia:8 6 afcjsv^T^^yr 
tefcra»H*ft&fT*v\ tBrtft*«:**#«:*«8 6 b 
Sr^br*iHS8 6 cl^5. *JHS8 6 cf±r©a* 

*ftfS8 6 b©ffl*t*DlSCS8 4<£>tti;fti£, ^iBt© 20 
[0 0 5 8] >t>SS 2C0*D^SI8 8 {i, 3fi0?^^*/r 

fcKttfe*vfe*|H»8 6 cOiHA (fiPfe,--S*ttf?i¥*L-.. 

¥UJfe«9 0 ttiDH§S8 8 ©ta**»b«t>ai*»fe UV^{f 

[0 0 5 9] »S 3 -Ctt, He^889 2 tt, ¥ijjfc§§9 0 
(OmfilZttVX* ^$3? 8 6©€M*ffS8 6 a 05 

^y^Srits-rso *^9 2©m^ wh^m^y 

!|[||9 4a»0«9 4blCA^$tl5o 5^319 4 a,R 

x>*9 4 b tt v at^i ^f=.*t u-c^c* T>T-rm&m$w 

1 &tW 2 £l&ofc«« 
7 7 aM7 7 bA^ttSTj) Sr*D» *fc«^«9 6aS 
I* 9 6 bim&i-Zo K»fS9 6aW9 6bttIl 
^fcBUB Lfc^-Y 5 ^?X1%&$m UV^i* 1 a— 
if <Dfc£ffe??-5§-Srffl ^T7 ^x-^Si-Ji^ $ *Ht=F» 
y#©ittMS*«rtU2r*-.S. 40 

[ 0 0 6 0 ] jgf«L % ggS 3 OAD^9 8 a &T>*9 8 b 
tt, 3fi(0^^.ffiWlH]?gP 1 ~P 3 ICfSttbtlfc 

t£»^9 6 a^'9 6 bfrb<DZm<D&mt%-*lN 
ila-f|^t57VTt6 2aSl)!6 2bS© 

8aStf9 8bOlliM, 3c*s liSlOOaWl 
0 0b 1 !^T©I^it a 5r* C btlTftg^ 
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[0 0 6 1] I EUI^]X.t>^5#^-ffe©7yft 
b/uSrfiJflH-**, 7>rtl^l^ t> # bit 5 ft 

zm^tyfa^T^-rm^ftteb ^kx. t^t-t 
mfa&mwk&mo^&te&Mk ^mmz.m^p 

i£Z>Z.k&-sim\zt£Z e 
[0 0 6 2] 7yftS*«IStt, ^OKWSrfflVNX 

i^ttES P R I Tt^-r^^.-^^ hA-#t*3M§:$r/Hv>-c 

xr^T-rm^M^tbtni^o 

[0 0 6 3] UVh. 7yftl*StlJ, R. O.Schmidt 
{£<fc<5 "Multiple Emitter Locationand Signal Parame 
ter Estimation" N IEEE Trans. , Vol. AP-34, No. 3, P 
P. 276-286 (March 1986) icHB^nfc/JffBMU S I C (M 
ultiple Signal Classification) kW^Zi^^-f Y/V 

mfe^m&m^x&ftzz. *>„ j&^ti. R.R 0ya 

rid T.KailathlC j;S "ESPRIT-Estimatioon of signal P 
arameters via Rotational Invariance Techniques" „ 
IEEE Trans. , Vol. ASSP-37, pp. 984-995 (July 1989) id 

HB*£*tfcES PR I Tt#f5^^ h/Mf5fe#-8:£r 

[00 64] El 1 td^L7cT>7-^S^-^Sfe^^l35 (0!l 
*ltf7 7a) d>P>tt. ^W^r^Zs-t 1 ? 6 0-1 — 6 0 - 
3**©I EUffi{C9«g<03fi5fcLfcTV7 1 -*-£*8H& 

J*. 2lfegJW^©^^ J v>-fe7J-tt^ffl(^T>'7 i ^- 

[0065] si 1 2 xtf Ltz^^m^mmxit 1 
3.— if (o^-w^^n tt o tcMz. tr— M.t^(om^-- if 

©^ISSr^^^WfcSo r©7c*, ^-if^^pgj, 

©t-gia«^'>^ < 1-5 r. t ^t-# 5 k v> 5 ii*^^ 

[0 0 6 6] &&WX\-£S:<nTV-<(T>7~r<DmW.fflW* 

raw^sfrr 5a— !fo», ifo-^/u^^oft 
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[0 0 6 7] |2|3«, EH£0®2S@WT^^r^>"fe7 
6 0-2 <D— U^tft I EU 6 4 a ' (DmrfL^^-t^v 
y?MX&>Z>o :®IEU64a' <Dffil&t3l, HI 2 \Z7jk 
Lfc I EU6 4 a ©fflfjSilH— IEU64 
a' ©ttr«OffiOEI!5i:©«ttfc*»tis»'!i:S«>Tr, IftW 

[0 0 6 8] @4IJIEU7 4aC7'oy^@T-fc5o 
EUKl^-rj; 51". IEU74aftg|2 (^VMiigs) 
{c^LfctflSS lS^tgS 2tID-fflto©T, H2 10 
s/^tc^i-^IH4<D^n j/^gr, EI2-etefflL 

I EU 7 4 bRTf I EU 7 4 c ©«?fi£tt:0 4 © I EU 7 
4i©«|JiB«Tj|)«. r©.fc5l-LT, IEU74 
a~7 4 c©^**»&^1~^33l— IfOjtJfe^iXfcT 
W Uy'V 13 KS-^TMS 1 ~3g 3 a— »f ©{f 

[0069] *&m\z.mz>&2(DmM<Dmi&&m5 7bm. 

[0 0 7 0] m2©^Jg©^ffi(CjoVN-Ct, mi<OmM 20 

[0 0 7 l] 057!;Sll]8tt^^Ell75SI2l4 (^1© 
%1fo<r>T&m Sf?2©Jlt£©15ffi©!ft0JS:fSf 
HM--r5fc«>, * 2 l©SElt©»*fc 

©^ng©*^*©^ fsi<Dmt&v>mWibffl— mmiz 

[0 0 7 2] n 2 n%n&fi>fm^% i ©hjs©^ t & 
760-1 oTawtJEffl ( i eu) ©it i wnjk 

<r>WM<r>nfc^^\$Wr£MG 4 a~6 4 c©#?/?j<;i:g 

<Sr63a~63c "C^ff ) „ 40 

(2) IfS 2 ©|£JS©15fIgT-tt. *©*2»B©^SMF- + 

6 o - 2 ©^jBMftjeai (ieu) omfifeajgf'i© 

ll*©»lSO»J!?-rST**fl36ffl6 4a' ~6 4 c ' © 
*ritt*fc3 (^©^©^©JilJg©^*®©?^^©^ 
8**§5tSB £ 6 3a' ~ 6 3 c ' t^-T) 0 

(3) 2 <DMM<v&m-Qte. ^rOJffsABOTO** 

6 0-Z<D=f-&mfcn (IEU) ©AffiL^IS 1 © 
381t©«l»0»«;-rST»«IJfe» 7 4 a ~ 7 4 c ©«/& 
fc&^S (r«fe6l2©SlS<0»l3l(DW« 

7 3 a ~ 7 3 c T^T) „ 50 
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(4) ^©^©^©mi&B©^*-^"^ 6 

o-im mi ©lat^fc'CKtt fcaiJM* 7 o a - 

1, 7 0a— 2, • • 70c-l. 7 0c-2iS# 

(5) «2©3Slt©»«BOllS2gkBO : F^*Y>-fe7 6 
0-2 -Ctt» 3? 1 ©SaSO»l»t?K«-*dlPj|C» 7 0 a ' 
- 1, 70a'— 2, • • • , 70c' - 1, 70c' 
-2tt#£ELfcV\, 

[0 0 7 3] ^2©*i(0^i(7)CDMA-r;P 

[0 0 7 4] 121612, ^ 2 ©Ht£©7!2S©m 1 IS: S ©^F 
ifH>t7 6 0-1 [C*JV^T, Sla-fKHUST 
6>*bfc^F#*t^gB ( I EU) 6 3a ©P*B&:/c( y ^ E| 
-CfcSo ft, HOIEU6 3bSt)!6 3c©«^tl2|6 

[0 0 7 5] HI 6 K^-tX 5 I E U 6 3 a ©HfJlStS 
lSVtSS 2tt^H|2©*tJSa5^i:Pl— XfoS„ IS] 
6©MS3m ^KDHJSO^flgtPl^lC, ffe^Sl 
9 2H, ¥<J:£3§9 0©fcB2) fWfttfii^bL. 
V^HiS^sS/W) UifcfLT, }&}£3§8 6 0>e%Igtt£^ 

U^*H:#tt£-*t, Jfe*# 94 a RZ* 9 4b 

tctjv v-r r s^-t-fi^ffiftw i &t>*w 2 

£&ofcGMB:£:*Cf>*U Jttlc¥-S9 6 a,&T>*9 6 b{C 
Lfc^-r 5 >-?xm&w.m LTV^Sf 1 =«■— ^©ffiifc^ 

[0 0 7 6] JEf-, JR2 0)|S*©®flmi:» Jgl©jHl£ 
*^9 2©liJ^IMlEU6 3a 
OUAi LTJ>«0 I EU6 3 a ' ICffeNtf-S. ±m<D 

^ms.x-h'o. z.<Dm%-&^7'v#bL,xfcm-rzcn 
mxhz> 0 

[0077] v , % 2 ©njgo^ii^fc^T, as 1 

^<0^#-v^-fe7 6 0 - 1 Sr1S^-r5=g- 1 EUIJ> fk 
&Ml 0 0 a^T>'l 0 0 b^bCDttS^/WMlC, ^gt^9 
2©tB^J (*NS-T-5=--1f a 

[0 0 7 8] Jb3i©*n<, m 2 <D^jg©^lir-i4, mi 

W*fyt7 6 0 — 1 <D& I EUlJ^f^^- 

mizwtmzbm& 1 0 a - 1 , 70 a— 2, . • 7 

0c-l, 70c-2 U^iV. ^l-f-iXfi, $2 
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Oa-1, 70a— 2. 70c — 1, 70c- 

[0 0 7 9] 0 I2tl©m+yt7 6 0- 

2 (El 5) fC*3VN-r, ^1=-— If^fJ!? ST6>iXfc^F# 
*t5fegI5 (IEU) 6 3 a' ©SMfflft:/ a y ? WlXibZ>„ 
f&h {4.© I EU 6 3b' RTS6 3 c ' (Dffi&L t> E) 7 

[00 80] EI 7 Kijrt-J: 5 T#$6J£SB ( I EU) 
6 3a' OMS 1 14, fl&gkWSsMS-raTtSWiJfeaiS ( I 
EU) 6.3 ai^ffiAtilla- 1f<E>f§-§-<Oif;£{g-§- 

£WH4, ^*t«g|5 6 3 a ' (Dl#/&(4 6 3 a t H«Tr*> 
Oi«bJ SrBtOiiA/"C) W*« l 

5tt5t>«T*fe5„ 20 
[00 8 1] EI8(4, $3g@©T^yt56 0- 

3 (El 5) <D— SBSr«J*-f5^l3-— tfO«-§-^«Sg-f 
•S^ffllElig I EU 7 3 a £r^L-Cl^5„ _h3£<O£0<, EI 

[O 0. 8 2 ] :1. 8 ii I EU 7 3 a O^D y ^ ElTfcS. '. 
El 8 K^-T J; 5 IEU7 3attEl6 (S&VM4EI7) 

{c^Lfcil&I&s lMtts 2 tin— m&tto-v, me 
(Dzfxs s/^(c^-f-5El8W^n j/^Sr N EI6T-4£JHL 

IEU7 3bSU ! 7 3c»1f^(j:i8©IEU7 3aiO 30 
I©i5iaT« IEU7 3a~7 
- ^ 3 c CQ^-a>P>ISl~Sg3^— !f<Ojft*$^fc ; F^^7' 
W y # KS<5V">T|g 1 ~3& 3 n.-if 5„ 

[0 0 8 3] **W«:i«5J(S3©|IJ60»l»?irBl9»S 
Ell l Sr^fiSL-Oftim-f 5 0 
[0 0 8 4] ^3CDHJgcD^(Cj3VNrt,, 3? 1 &T>*SI 

Sr3i:U 1f&£ 3 ffZ CDMA^fa- 1f§ 

[0 0 8 5] EI975MEH 1 tt**EI57!»MEI7 {%2 

fBS 7c «\ * 3 0*K60»«*s» 2 

t^5^^^'C>l-LTlftBJ"f-5o SS3<7>H 
JSO^figWfll^Sgl (fflffiEEIK) <ort, S2©HI©f 

®9&-tZo 50 
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[0086] m3comm<Dmm^m2(omm<Dmmt^ l 

(1) tS3©3fe*©jBl»"CH:, fO*2ftlOf**t 
yt?6 0 - 2 ©^JiJfegB (IEU) <Dffi]&&. f$2 
<DmM<DJ&1&<Dttl&-tZ> : 1 L &&feU6 3a' ~6 3 c ' 
©«J*fc«*3 (rco/c^m 3 ©M®fi©f2SO 
=FIWl«»t6 5a' ~6 5 c ' T*^-T) 0 

(2) flSswSQfeojgflioJISiSkBo^^-r^-fe^e 

0- lT-ti, *Pg3g6 8 aS.I>*6 8 b 
<£>33f3g6 6 a ' RTf6 6 b' (CiQx. £>*b£o 

[0 0 8 7] ft, ISOllftCJgilD^lgecOf^ 
^ ^ir 7 6 0-1 OTi^jt^ (IEU) 6 5 a ~ 6 5 

ccDflfj&te:, m2<Dmffi.v>Mm<ottiz-tz>i : -w>mi£mb 

Pl-Tfe5*\ ^±EI1 0tIEU65a cDfltfigSr^ 
LTV^. JEK, 83©H;llW>»lirctt» ^r0^3^@ 
OT^Yi't? 6 0-3Of^t«ai (IEU) (Dffi 

[0 0 8 8] El 9 (4, ^3©HlOIi<DCDMA-7;l/ 

?-*-~i?%:mmm<o±&®x'$> 012 ©niso^flg^Ei 

[0 0 8 9] Ell 0 i^-ttg l^@(0^pj^=¥^>-fe5 6 

0 - 1 <ofg 1 if icf ij 0 ST fett/c^Jt^gB ( I E 
U) 6 5 3(4, ±j£<0*P<, ®2©SI©fiC0IEU 
6 3a (H6) : iBW40TJttWS:**t5.. .• '■ 
[0 0 9 0] Ell 1 (4, ^2©gcD ; F^=¥-v>-fe7 6 0 
-2 (0 9) (C^T, ^13- if ictus STb^fcT 

(IEU) 6 5 a' (OWfWttyv >y?ElX'ib 
5„ ft, 'ftfecDI EU6 5 b' ,5.T>*6 5 c' Oflfj&fcEll 

[ 0 0 9 1 ] El 1 1 lc*fi 5 »C ^Pi^it^gC ( I E 
U) 6 5 a' ©TOS lSUiflS 2 (43c* El 7 tf>*fj£ 

1- 5Sl5^t^Tfc5„ IEU65a' ©l3g 
S3 (4, E17<73&I8:S 3{dAng:S9 3Sr#ADLfc«^;i: 

[0 0 9 2] Ell K-^-f-I EU6 5 a' (OStl^(w#^^ 
Xim-TZo MS lXO"fS©»ffttH7 8;#iLt 
IftPJLfc I EU6 3 a ' ©»f^fcRWttr*>5. l3tS 
3-Cf4s A0JHI9 3»ca3VT» *@^9 2*>6>ttJ^-r5 

^F^-yK-fe? 6 0-l«IEU63a 

JBi-3.— |f_Oi(6JEflr*Sr«C*. Spi,.AD3i«9 3^6, 

ic x m2(omm<ommtmmi^ mnm9 8 aM9 8 

b|4*-*^S 3<D3m<V'<XRlV>\2li&P l—P 3%ffi 
J&'rZim*£& (96aM96b^) <D\0,t>*M&-t 
5„ JP^S9 8 aW9 8 b-C^^feCOm^SrAP 
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M U fk&m 1 0 0 a 10 0b {C^Tl «T<DS 
[0 0 9 3] US 3 (DHlgW^flgti> ^2©HI 

/h $ < T- # 3 i: V " 5 # & 5 . 
[0 0 9 4] 

r k ryf of i^^MWi^a^* io 
[0095] ±ia©^ i Thmm 3 ©^jso^^ i 9 , 

[0B5<DW!i*#l&91] 20 

[0 i ] *mm<Dm i ro^ro^sr^-r^n ? 0 O 

[0 2] EH^Lfc^Jt^SC (IEU) 6 4 a £f£ 

' [13] mifC^U/cteW^Jig:^ (I EU) ; 6 4 
a ' ?rP^fc^-r^n s/ ^ a . 

[04] 01 K^LfcM<wte«T#Mf5tSi5 (IEU) 7 
4 a $rt£»^1-7 r n 5^00 
[0 5] *&&(0%i2<DmMV>Mi&&vrt-7v yi?m* 
[0 6] 0 5{^L/c ; FglMf$Eg|S (IEU) 6 3 a Srll 

ssic^-r^D y^Ei,, 30 

[07] EI5(C^b/cffi<0^^gB (IEU) 63 
a' ^s^W-^l^n s/^BIo 

[@8] 0 5lC^L/cHUl{lilcD^#£$tgl$ (IEU) 7 
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3 a Sr^i-^i-^ci y?m a 

[0 9] ^Bjro^SW^Jgro^Sr^-TT'n ^0,, 
[010] 0 9I^L/cf^iSS! (IEU) 6 5a£ 

[01 1] W9iZ7HV*Li&<D=Ft£miEn (I EU) 65 
a' SrSMW^-t-^n s^0o 
[012] ^l©^?l50tJ5r^Lfc^D ^^0-CfcSn 
[01 3] 01 2Jc^Lfc^*3eife (I EU) 14a 

[014] Hl2I^Lfcfft©T«fai (IEU) 2 
o a Srf&iWii^-t-:/ ny^a 
[015] ^2O«e?|50iJSr^bfc^o ;y; ?0-rfc^ o 

60-l~60-3 -.^W^r^ls^y 
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